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On  a  Boundary  Value  Problem  for  Fourth-Order 
Operator-Differential  Equations  with  a  Variable 
Coefficient 

U.O.  Kalemkush 


Abstract.  In  this  work,  conditions  for  the  regular  solvability  of  one  boundary-value 
problem  for  fourth-order  operator-differential  equations  with  a  variable  coefficient  on 
the  semi-axis  are  found.  The  obtained  conditions  are  expressed  by  the  properties  of 
the  coefficients  of  the  considered  operator-differential  equation.  Moreover,  the  norms  of 
intermediate  derivatives  operators  are  estimated  in  terms  of  the  norm  of  the  right-hand 
side  of  the  equation  and  these  estimates  are  related  to  the  solvability  conditions  of  the 
boundary  value  problem. 
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1.  Introduction 

Interest  in  studying  the  solvability  of  differential  equations  in  Banach  and 
Hilbert  spaces  and  the  spectral  problems  associated  with  them  is  growing  every 
year  (see,  for  example,  [1,  2]  and  the  references  therein).  First  of  all,  this  is  due 
to  the  fact  that  many  problems  for  differential  operators  with  partial  derivatives 
can  be  reduced  to  the  study  of  such  equations. 

Let  H  be  a  separable  Hilbert  space  and  A  be  a  positive  definite  self-adjoint 
operator  in  H  with  domain  of  definition  D  (A).  Obviously,  the  domain  of  defini¬ 
tion  D  (A7)  of  the  operator  A7  becomes  a  Hilbert  space  H 7  with  respect  to  the 
scalar  product  (x,  y)  =  (A7x,  A7y),  7  >  0.  For  7  =  0  we  assume  Hq  =  H. 

Denote  by  L2(R+;H)  the  space  of  all  vector  functions  defined  on  R+  = 
(0,  +00)  almost  everywhere  with  values  in  H  and  with  a  norm 

1 

II/IIl2(J4;H)  =  7(0  <+00. 
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Following  the  monograph  [3],  we  define  a  Hilbert  space 

W${R+;H)  =  jn:n(4)  G  L2  (i?+;  H) ,  A4u  G  L2  {R+;  H)} 
with  a  norm 


u\\wf(R+;H) 


2 

i2(R+;H) 


+  |U4n 


2  1 

L2(R+-,H) ) 


1 

2 


Throughout  this  work,  derivatives  are  understood  in  the  sense  of  the  theory  of 
distributions  [3]. 

Obviously,  from  the  trace  theorem  [3]  it  follows  that 


W24  (i?+;  H)  =  {u:ue  (/?+;  H) , «  (0)  =  0,  v!  (0)  =  0} 


is  a  complete  subspace  of  a  space  1T2  (R+‘,  H). 

Consider  the  following  boundary  value  problem  in  a  Hilbert  space  H: 


L  ( d/dt )  u  ( t ) 


d4u  ( t ) 
dt 4 


+  p  (t)  H4u  (f)  + 

j~o 


f  (t)  ,t  €  R+, 


(1) 


u(0)  =  <p0,  v!  (0)  =  (pi,  (2) 

where  /  (t)  G  L2  (R+;  H) ,  u(t)  €.  Wf  (i?+;  #),  <po  G  Hi,  <pi  G  Hs,  and  operator 

2  2 

coefficients  satisfy  the  following  conditions: 


1.  A  is  a  positive  definite  self-adjoint  operator; 

2.  p  ( t )  is  a  scalar  measurable  function  in  R+  and  0<a<f(t)<{3<  +00; 

3.  the  operators  Bj  =  Aj  A~3 ,  j  =  0,4,  are  bounded  in  H. 


Definition  1.  If  for  any  f  (t)  G  L2  (R+;H) ,  <po  G  iTr,  <pi  G  H 5  t/iere  exists  a 

2  2 

vector  function  u(t)  G  W2  (R+-,H)  that  satisfies  equation  (1)  almost  everywhere 
in  R. |_,  the  boundary  conditions  (2)  in  f/ie  sense  of  convergence 


lim 

t — >-+0 


n(f)  -  <p||z 


0,  lim  lln'  (t)  —  <pi||  5  =  0 
*->•+ 0  11  11 2 


and  an  estimate 


u\\w£(R+;H)  -  const 


L2(R+-,H) 


then  the  boundary  value  problem  (1),  (2)  is  called  regularly  solvable. 
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It  should  be  noted  that  operator-differential  equations  and  boundary  value 
problems  of  type  (1),  (2)  for  them  have  been  studied  by  many  authors. 

In  these  works,  basically,  tpo  =  Ti  =  0  and  p  (t)  takes  only  two  positive  values 
(see,  for  example,  [4-11]),  i.e.  p(t)  =  a  for  t  G  (0,  to)  and  p(t)  =  (3  for  t  G  (to,  oo). 

In  this  paper,  p  ( t )  can  take  any  positive  value  and  have  discontinuity  points 
of  the  first  kind. 

Further,  it  should  be  noted  that  if  u(t)  G  (R+‘,  H),  then  by  the  trace 
theorem  and  by  the  intermediate  derivative  theorem  u ^  (0)  G  H4_k_i,  k  =  0,3, 

A4 -ku(k)  ^  £2  (_r+;IF),  k  =  0,4.  Moreover 


,(*) 


(0) 


<  const 

4 -k-\ 


I  w£(R+-,h)  > 


A 


4 -ku(k) 


L2(R+;H) 


<  const.  ||tt| 


Wf(R+-,H) 


2.  Main  results 


First  let  us  prove  the  following 

Lemma  1.  Let  u i  =  —  ^  (1  +  i) ,  w2  =  —  ^  (1  —  i),  and  e~At  be  a  semigroup 

of  bounded  operators  generated  by  the  operator  —A.  Then  the  vector-function 

uo  ( t )  =  eUltAxi+eu}2tAX2  belongs  to  the  space  Wf  ( R+',H )  if  and  only  if  x\  G  Hr, 

X2  G  Hr . 

2 

Proof.  The  necessity  of  the  statement  follows  from  the  trace  theorem,  since 

x'i  +  X2  G  H 7,  uj\X\  +  U2X2  =  A~lu'  (0)  G  Hr.  Hence  we  have  xi,x2  G  Hr.  On 
2  2  2 

the  other  hand,  for  X\,X2  G  Hi  we  have  uo  (t)  G  Wf  (F?+;  H).  For  x\  G  Hr  let 

2  2 

us  show  that  e^lAx\  G  H-Ff  (i?+;  FI).  Obviously,  there  exists  a  vector  y  G  H  such 
that  A7/2x  1  =  y.  Then 


uitA  2 

e  X1  W24(K+;V) 


=  2 


euntAAl/2y 


L2(R+;H) 


=  2 


=  2 


^A1/2ewltAy,  A1/2eUJltAySj ^  = 

rfi  poo 

]  Jo  T  J  e~'^2tlJ  (dE^y,  y)  =  V2\\y\\2  =  V2\\xi\\y2. 

Hence,  we  have  uo  (t)  G  VF2  (F?+;  H).  Lemma  is  proved.  ◄ 

In  problem  (1),  (2)  we  make  the  change 

u(t)  =  v  (t)  +  u0  (t) ,  v  (t)  G  W24  (i?+;  IF) ,  u0  (t)  G  IT24  (i?+;  IF) . 

Moreover,  we  choose  vectors  xq  and  x2  from  rto  (t)  =  +  eU2tAX2  so  that 

v  (0)  =  0,  v’  (0)  =  0,  i.e. 

X\  +X2  =  (fio,  W\X\  +  UJ2X2  =  A~  Vf. 
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It  is  obvious  that  <po,  A  1<p i  €  H7/2  and  are  uniquely  determined  from  this 
system,  and 

Ikillz  <  const  fll^ollz  +  H^i || s')  , 


1x2  II  7  <  const 


i  +  mill  > 


i.e. 


Nil  Wi(R+-,H)  <  const  (ll^oll  |  +  |M||)  • 

Thus,  from  (1),  (2)  we  obtain  the  boundary  value  problem 

L  ( d/dt )  v  (t)  =  L  ( d/dtt )  u(t)  —  L  ( d/dt )  uo  (t) , 

v(0)  =  Oy  (0)  =  0. 

Denote 

g  (t)  =  L  (d/dt)  u(t)  —  L  (d/dt)  u$  (t)  =  f  (t)  —  L  (d/dt)  uq  (t) . 
Let  us  show  that  g  (t)  6  L2  (R+\  H).  In  fact, 

\\9\\l2(R+;H)  —  Wf\\L2(R+;H)  +  ||L  (d/dt)  Uo\\l2(R+-H)  — 

|  dAuo 


—  \\f\\L2(R+-,H)  + 


dtA 


+  p  (t)  AAu0 


+ 


+y  |^4-jA  (4  a4  ju ^ 

3=0  1 


l2(R+,h) 

< 


^  ID  II L2{R+-H) 


+ 


dAUn 


dtA 


L2(R+;H) 


l2(r+-,h) 

+  /3  \\A  uo||L2(i?+;H)  + 


L2(R+-,H) 


(3) 

(4) 


+£iis4_j-ii||a4-^') 

3=0 

Further,  taking  into  account  the  intermediate  derivatives  theorem,  we  obtain 
\\9\\l2(R+-,H)  ^  \\f\\L2{R+;H)  +  const  |NII  W)(R+;H)  ^ 

<  \\fh2(R+-,H)  +  const  (JNII7/2  +  llv^i II5/2)  > 
i.e.  g(t)  G  L2  (R+;H). 
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Thus,  from  (1),  (2)  we  obtain  the  boundary  value  problem 


L(d/dt)v(t)  =  g(t), 
v(0)  =  0,  v'  (0)  =  0. 

Let  us  define  in  space  L2  (/?+;  H)  an  operator  Lq  with  a  domain  of  definition 

O 

D  (Lq)  =  W*  (R+ ;  H) ,  and 

d4u  ,  . 

Lov  =  ^4  +  P  (t)  A\. 

O 

It  is  obvious  that  the  operator  Lq  :  W£  (R+\  H)  — >  L2  (R+\  H)  is  self-adjoint.  On 
the  other  hand,  for  every  v  £  D  (Lq)  (v  (0)  =  v'  (0)  =  0) 

/  dAv  \ 

(L0u,  v)L2{r+.h)  =(^4’v)  +{p(t)  A*>  V)l2(R+-,H )  ^ 

V  /  L2(R+\H) 

—  II  // 1 1 2  >4  II  II 2 

—  Ir  \\l2{R+;H)  +  aA0  \\v\\ L2(R+-,H)  > 

where  Ao  is  a  lower  bound  for  the  spectrum  of  the  operator  A.  Then  we  obtain 
KerLo  =  {0}  and  IuiLq  =  L2  ( R+;H ).  Thus,  it  is  proved. 

Theorem  1.  Operator  Lq  maps  the  domain  of  definition  of  the  operator  Lq 
isomorphically  onto  L2  ( R+',H ). 

First,  let  us  study  some  properties  of  solutions  of  the  equation  Lqv  =  h ,  where 
v  £  D  (Lq),  h  £  L2  (R+ ;  H). 

The  following  theorem  is  valid. 


Theorem  2.  Let  the  vector  function  v(t)  be  a  solution  of  the  equation 

+P(t )  A4v  (t)  =  h  (t) . 

Then  the  following  inequalities  hold  for  this  solution: 


U4u 


L2(R+;H) 


<  a 


-1 


1^  V  \\l2{R+;H)  —  2  2Q  4 
1^'  V  \\l2(R+;H)  —  2  a  2 


L2(R+-,H)  > 

L2(R+,H)  > 
L2{R+-,H)  f 


d4 


dt4 


L2(R+-,H) 


<a  *P*\\h\\L2{R+.H). 


(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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Proof.  Multiplying  both  sides  of  equation  (5)  by  a  function  p  1//2(t),  we 
obtain 


P  2  (*) 


d4v  (t) 
dt4 


+  p 2  (t)  A4v  (t)  =  p  2  (t)  h  ( t ) . 


Hence  we  have 


_i  d4v  i  4 
p  >^  +  P*Av 


On  the  other  hand,  we  obtain 


_i  d4u  i  .4 


2 

p  2  h 

L2(R+-,H) 

L2(R;H) 


2 

i  d4v 

L2(R+-,H ) 

P~ 

p2  A4  V 

'I  L2(R+\H) 
After  integration  by  parts,  we  have 


+  2Re[$,A 


L2{R+\H) 


l2{R+\H) 


( —  A4v 
\dt 4’ 


=  U 


l2d2u  l2 d2v\ 


L2(R+:H)  V  ^2’  dt2  J  L2(R+:H) 


Taking  into  account  (12)  in  equality  (11),  we  obtain 


_l  d4v 

P~~2W4 


+ 


L2{R+-,H) 


pz  A4  v 


L2{R+-,H) 


+  2 


A1 


,d?v 

dt2 


l2(R+-,h) 


(11) 


(12) 


p  2  h 


From  equality  (13)  it  follows  that 


I  ,4 
p2A  V 

2 

< 

p  2  h 

L2(R+-,H) 

I  l2(r+-,h) 

Therefore,  taking  inequality  (14)  into  account,  we  obtain 


L2(R+;H) 

(13) 


(14) 


UV|2 


L2(R+-,H) 


p  2p2A4v 


L2(R+-,H) 


<  a 


-i 


p2  A4  v 


L2(R+-,H) 


< 


<  a 


-l 


p  2  h 


L2(R+;H) 


<  a 


-2 


I L2(R+\H)  > 


i.e. 


^  V\\l2(R+-H)  —  a 


L2(R+-,H)  • 


Inequality  (6)  is  proved. 
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Further,  from  inequality  (13),  we  similarly  obtain 


_i  d4v 

P~2W4 


< 


L2(R+-,H) 


p  2  h 


i.e. 


d4v 

2 

i  i  d4v 

dt4 

L2(R+-,H) 

p2p~2W4 

<P 


L2(R+-,H) 

d 4  "2 


<p 


p  2  h 


L2(R+-,H) 
-1 


_  i  a  v 
p~2^ 


< 


L2(R+-,H) 


<a  P \\h\\L2(R+-,H)  ■ 


I  L2(R+-,H) 

Therefore,  inequality  (10)  is  also  proved. 

On  the  other  hand,  v  (t)  is  a  solution  of  the  equation  Lqv  =  h  (v  (0)  =  v'  (0)  = 
0).  Then  it  is  obvious  that  after  integration  by  parts  we  have: 


DV'II  =  (aV,aV)L2(^n)  =  ( 


14,. 


at  /  L2(R+-,H) 


=  p^A4v,p 


_i  d4v\ 
dt4  ) 


< 


< 


1 

<  - 
“  2 


p^  A4  v 


p2  A4  v 


l2(r+-,h) 

2 


L2(R+;H) 
i  d4v  I 


dt 4 


< 


I  L2(R+;H) 

\ 

From  equality  (13)  it  follows  that 


+ 


L2(R+;H) 
i  d4l"2 


dt4 


l2(R+-,h)/ 


(15) 


pzA4v 

2 

+ 

i  d4v 
P  2  “ rTT 

2 

p  2  h 

L2(R+;H) 

dt4 

L2(i?+;if) 

-2||7lV||2  , 

L2(R+;H)  "  II  L2(R+,H) 


Considering  this  equality  in  (15),  we  have 

1 2 


\A2v"\\2  <  - 

I  v  II L2(R+-,H)  -  2 


p  2  h 


L2(R+;H) 


-2lUV"2 


L2{R+\H) 


Consequently, 


i.e. 


2  I  \A2v" 


2 

L2(R+;H) 


p  2  h 


2 

L2(R+-H)  ’ 


\A2v" 


2 

L2{R+-H) 


_  1 

p  2-h 


2 

L2(R+-,H)  ■ 
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Hence  we  have 


\A2v"\\l2(R+-,h)  -  2 


p  2  h 


L2(R+;H)-la  *  \\h\\L2{R+;H)  ■ 


Inequality  (8)  is  proved. 

Let  us  prove  the  remaining  inequalities.  We  have 

11^  V  \\l2(R+;H)  =  (-4  V  ,A  V  = 

=  -  (A  v,A  v  )L2(R+.H)  <  ||-4  ||"4  v  \\L2(R+.H)  ■ 

Taking  into  account  the  proved  inequalities  (6)  and  (8),  we  obtain 


UV"2 


l2(r+-,h) 


<  a  12  1a  2 


L2(R+-,H)  ^ 


<  2_1a_2 


l2(R+-,h) 


Consequently, 


^  V  \\l2(R+-H)  —  ^  201  4  ll'<'llL2(-R+;-ff) 


Inequality  (7)  is  proved. 

Now  let  us  prove  inequality  (9).  For  this  purpose,  consider  the  norm 


N  = 


rV4)  +  Avm  +  J_A2 


lL2(R+;ff) 

for  r  G  D  (L0)  (u  (0)  =  v'  (0)  =  0),  and  r  >  0.  It  is  clear  that 


N  =  t 4 


+  11  Avh 


M) 


L2{R+-,H)  t* 


+  Ll  UV'"2 


L2(R+-,H) 


+ 


I  L2(R+-,H) 


+  2 Re  (u(4),UV) 


l2(R+-,h) 


+ 


+2 T2Re(vW,A2v'")  +2 \Re(Av/”,A2v")T  (R  m 

\  )  Lo(R,:H)  T2  V  ;L2(R+,H) 


L2(R+\H)  ts 

After  integration  by  parts,  we  have: 


v^\A2v" 


L2(R+-,H) 

2 Re  (v^\Av'" 


^'1 


W"(0) 

L2(R+-,H)  II 

2i?e  (Aw'",  A2v") L2{r+.h)  =  ~  \\Ah"  (0) 
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Therefore, 


N  =  t4 


V 


,(4) 


\l2{R+;H) 


Hence  we  have 


tA^v'"  (0)  +  r  1A*v /' (0) 


WAv  \\l2(R+-,H)  + 


Consequently, 


:  r 


u 


,(4) 


tA^v'"  (0)  +  t~x A^v"  (0)  ~+N 

+4  iiw'H*  r 

L2(R+;H)  T4  11  NZ-2(-R+,V) 


HAv'"llL(/4;tf)  ^  r4 


V 


,(4) 


2  +t-4||hV||?  ,r  „r 

L2(R+-,H)  11  IIL2(R+,-ff) 


we 


Putting  r2  =  (||^V'|L2(i?+;iT) 

ll^/li2(i?+;H)<2ll^V,|L2(R+;/f) 

\P~*V(4)  IL  llAVIL2(R+;V) 


V 


obtain  for  any  < 

< 


>  0 


;(4) 


Taking  e  ■ 


<  2/3^ 

<P- 
_  1 

:  2  2,  we 


1+2+4;^) 
< 


3a  (  e 


r 

obtain 


M4) 


Il2(R+;V) 

g  Hl2(R+;H) 


L2(R+;tf) 


Ip  2V(4) 


+ 


Taking  into  account  the  equality  (13)  we  have: 

2 


2  +25  ||hV'||2  (R  A 

L2(R+;H)  11  UL2(R+,H)  J 


\\Av'"\\l2{R+-,H)  -  2  2^2  P  2h  L,[R+.H)-2  2P2a  1  ll/zlli2(R+;V)  ' 


i.e. 

II^/,,|L2(JR+;V)  -  2  4^4Q!  2  INIz+R+hH  ’ 

Theorem  is  proved.  ◄ 

Now,  let  us  prove  the  main  theorem. 
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Theorem  3.  Let  the  conditions  1)  -3)  be  satisfied,  and  moreover,  the  operators 
Bj  =  AjA~i ,  j  =  0,4,  be  such  that  the  inequality 

4 

V  =  ^2cj  I B^—j II  <  1 

3=0 

holds,  where  cq  =  a~l ,  c\  =  2~^oT^,  c 2  =  2~1a~2,  03  =  2~^a~2  fit, ,  04  = 
Then  the  boundary  value  problem  (1),  (2)  is  regularly  solvable. 

Proof.  After  replacing  u(t)  =  v  (t)  +  uo(t),  where  v  (t)  £  (-R+;#), 

uo  ( t )  =  eUltAx\  +  eU2tAX2 ,  problem  (3),  (4)  can  be  written  in  the  form  Lou(t)  + 
Liv{t)  =  g(t),  where  L0v(t)  =  +  p  (t)  A4v  (t),  L\v  =  AjV^~3\t), 

g  (t)  £  L2  (i?+;  H).  Since  Lq  is  an  invertible  operator,  then,  assuming  Lqv  =  w, 
we  obtain  an  equation  w  +  L\L^1w  =  g  in  the  space  L2  (i?+;  H).  On  the  other 
hand,  for  any  w{t)  £  L2  (i?+;  H)  we  have: 


LlL0  W\\l2{R+;H) 


\\L1V\\ L2{R+\H)  <  E 11  B‘-i 
3= 0 


A4 


L2(R+;H)  ' 


Taking  into  account  the  inequalities  (6)-(10)  from  Theorem  2,  we  obtain: 

4 

\\LlL0  1w\\l2{R+,H)  -  ^Zc3  ll^-J'll  \\W\\l2(R+-,H)  =  9  1 1 w  1 1 L2  (R+-,H)  ■ 

3=0 

Since  0  <  q  <  1,  we  have  v  =  Lq  1  (E  +  L\Lq1)  1  g  and 

Wv\\wf(R+;H)  ^  const  \\g\\L2(R+.H)  ■ 

Then  the  solution  of  the  boundary  value  problem  (1),  (2)  is  representable  in  the 
form  u(t )  =  v(t)  +  uo(t).  Moreover 


U\\wf(R+-,H)  ^  \\V\\l2(R+-,H)  +  ll^oll L2(R+;H)  ^ 


<  const. 


L2{R+;H) 


< 


<  const 


L2(R+-,H) 


Theorem  is  proved.  ◄ 


On  a  Boundary  Value  Problem  for  Fourth-Order  Operator-Differential  Equations  191 


References 

[1]  A.R.  Aliev,  M.A.  Soylemezo,  Solvability  conditions  in  weighted  Sobolev  type 
spaces  for  one  class  of  inverse  parabolic  operator- differential  equations ,  Azer¬ 
baijan  Journal  of  Mathematics,  9(1),  2019,  59-75. 

[2]  S.S.  Mirzoev,  On  completeness  of  the  root  vectors  of  the  fourth- order  operator 
pencil  corresponding  to  eigenvalues  of  the  quarter-plane ,  Azerbaijan  Journal 
of  Mathematics,  9(2),  2019,  193-207. 

[3]  J.-L.  Lions,  E.  Magenes,  N on-homogeneous  boundary  value  problems  and  ap¬ 
plications ,  Dunod,  Paris,  1968;  Mir,  Moscow,  1971;  Springer,  Berlin,  1972. 

[4]  A.R.  Aliev,  Boundary-value  problem  for  a  class  operator  differential  equations 
of  high  order  with  variable  coefficients,  Mathematical  Notes,  74(6),  2003,  761- 
771  (published  in  Matematicheskie  Zametki,  74(6),  2003,  803-814). 

[5]  A.R.  Aliev,  Solubility  of  boundary-value  problems  for  a  class  of  third-order 
operator- differential  equations  in  a  weighted  space,  Russian  Math.  Surveys, 
60(4),  2005,  791-793  (published  in  Uspekhi  Mat.  Nauk,  60(4),  2005,  215- 
216). 

[6]  A.R.  Aliev,  On  the  boundary  value  problem  for  a  class  of  operator- differential 
equations  of  odd  order  with  variable  coefficients,  Doklady  Mathematics, 
78(1),  2008,  497-499  (published  in  Doklady  Akademii  Nauk,  421(2),  2008, 
151-153). 

[7]  A.R.  Aliev,  S.S.  Mirzoev,  On  boundary  value  problem  solvability  theory  for  a 
class  of  high-order  operator- differential  equations,  Functional  Analysis  and 
Its  Applications,  44(3),  2010,  209-211  (published  in  Funktsional.  Anal,  i 
Prilozhen.,  44(3),  2010,  63-65). 

[8]  A.R.  Aliev,  On  the  solvability  of  initial  boundary-value  problems  for  a  class 
of  operator- differential  equations  of  third  order,  Mathematical  Notes,  90(3), 
2011,  307-321  (published  in  Matematicheskie  Zametki,  90(3),  2011,  323-339). 

[9]  S.S.  Mirzoev,  A.R.  Aliev,  L.A.  Rustamova,  Solvability  conditions  for 
boundary-value  problems  for  elliptic  operator- differential  equations  with  dis¬ 
continuous  coefficient,  Mathematical  Notes,  92(5),  2012,  722-726  (published 
in  Matematicheskie  Zametki,  92(5),  2012,  789-793). 

[10]  S.S.  Mirzoev,  A.R.  Aliev,  L.A.  Rustamova,  On  the  boundary  value  problem 
with  the  operator  in  boundary  conditions  for  the  operator- differential  equa- 


192 


U.O.  Kalemkush 


tion  of  second  order  with  discontinuous  coefficients ,  Journal  of  Mathematical 
Physics,  Analysis,  Geometry,  9(2),  2013,  207-226. 

[11]  S.S.  Mirzoev,  A.R.  Aliev,  G.M.  Gasimova,  Solvability  conditions  of  a  bound¬ 
ary  value  problem  with  operator  coefficients  and  related  estimates  of  the  norms 
of  intermediate  derivative  operators,  Doklady  Mathematics,  94(2),  2016,  566- 
568  (published  in  Doklady  Akademii  Nauk,  470(5),  2016,  511-513). 


limit  O.  Kalemkush 

Nakhchivan  State  University,  University  campus,  AZ7012,  Nakhchivan,  Azerbaijan 
E-mail:  umitkalemkush@gmail.com 

Received  15  July  2019 
Accepted  11  November  2019 


